dFRS: 5060

26 ovenber 1960
Reproduced From \

Best Available Copy

0N WFE DISPERSTNG PROTERTIES OF A MEDIUM IN THE PRESENCE
OF VERY HIGH IBNSITIAS ARD TRMPERATURES

«  RETORT II

By G. 5. Suskyau

DISTRIBUTION STATEMENTA

roved for Public Release ,
AppDistribution Unlimited | 000 82 1 1 7 0

\N
Distedbuted by
OFFICE OF TECPNICAL SERVICES

U, 5. DEPARTHENT OF COMMERGE
WASHINGTOK 25, Do Ce

o e r o Yo ———

i M < i

U, S. JOINT PUBLICATIONS RESEARCH SERVICE
1636 GOE«&EGTICUT AVE@ ’ N¢ an
. . WASHINGTON 25, Do Ce

Py TY A TITT Yyremm
DTIC QUALENY Iigenorgn 4

[}



FOREWORD

This publication was prepared under contract
by the UNITED STATES JOINT PUBLICATIONS KE~
SEARCH SERVICE, a federal government organi-
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tthe dispersive vroperties of the medium 7ill o deteruined ueh by the
ﬁlectfﬂns, but by the neutroue {in general we should speak of rucieon
Giowaver the aumber of yrovons under the physical cerditions which in-
verest ve is small in comvariscn vwith the rawber of nevtrens, ard hedeq
we shetl be alble to soesk laier of the latter; however, sl! the cone

clusicns we obtain will pertain egunlly to protens as viel

proe)

Notvithstanding the fact that nevtions aie electricslly neutral,
nonetheless they are capsdle of dispersing & wovanta.  Qn foct it is
axperimental lv known thet 3~qu&nta can he sheorbed hy nevtrons, give
ing riso to nout+al end negative ¥ie.mesous, Tals is the wiell known

plenomenon of photozensration €7 rescns. Cn the other hard, evaory

s

system capakrle of sbvcorbing electroragretic radistion must of nceessis
tv diepsrse then also,
The abilitv of neutrcas to gbeorb and disrerre ele~tromarne’

waves is determined hy their slectromasneric gtructure, l.e., by tue

existence of a virtuzl weson cloud arcurd the pucleon. When photons

i
iiateract with newtrons, both virtval and real merons con he renorated.

Tor real gererntion of mesongwroduces absorpbion of the wuve, 206
hence the refroctive index of 8 medliur cousistiag of nevtreong will te

g complex quentity,

Vemntin, (1)

vhere & 1s the dielectric coustant of the medium, ny deveraines the |

ishecrption of the wave, end n is the rate of ite propagation in the




-

mediur. The veletionsghip £12
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where the vinculum indiczhes that the integral s hould be taken in the

2l vaiue, exlsier betwsen the regl and imapginar
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vortions of the index of refraction.

otion of photogeneration of

Letv & (e} be the total croes §

absorphion of gmquﬁnta in & neulron

mesong. Then the coeftl

substance is equal to Nyo” , where Ep is the purber ‘of nevtrons in &

S

wnit of volume., On the other hand, ecoefficient of avsorplion Is

equal to é?@?/c ny; consegquently

Es

Lad

o,

Q R, () = e -

Prom (3) and (2) ve

(=
i
=%

-

=3
S
=
v’
i
i
i
s
-
-
2
a
I S ¥4
21
o,
=
~ur
~
by
<
o~
Eina
e

o]

theory of photogeneration.

ps congtructed, bazed on
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“reric state of A -

cleon with quantum nusbhers
of ipertia and T is the total isvtopic » gping end with the resonance

level E, & 154 mew. nt this hypothesis has been confirmied

by experiments, In addition, zhe experiments indicate the presgence
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of two other isobaric states {3/2, 1/7) end (3/2, 5/2), with higher
levele of the erergy of excitation. The dispersion foruula of
CelleMznn and Watson £2.7 zetlsfactorily describes tha experimantal
data up to an energy of OO mev., Fowever, ii has an unvieldy foruw
tond is vasuitable in the sense of its application for culculation of
n{).

‘ W= ghall proceed from the erperimental curve ni rhotogoners
tion of W Pe-mescns on protous, depicied in Fig. 1. This curve has
rtwo maxima: the first, very sharm and well detined at hewo = 320
wev, corresponis io tae first ircber of the nucleon 3/2, 3/2, while

the s2cond, weakly €efined and broed at © =2 700 nev, corresponds to

the iscbar 3/2, i/2.
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Fig. 1

As we move to the center of & star the ds=nsity of neutrons in-

creases and according to condition (1) the region of appliceblliity of




{in this cage is equal to h{}@e.ép&is the mass of the HF.meson) and the

{corresponding limiting energy of the photons ghould be cf the order of

funetion is located at an energy two times in excess of 150 mevw. 1% is

taking the index of refraciion In the direction of high energies of

the guanite correspondingly broadens. In the limiting case we are deala

ing with the nuclear density. The everage distance between particles

-

150 mev, Hence we should epeak of the Index of refraction of a neue
tron substance only st energies of the quanta of Fidef 150 mev. In

this energy reglon & (42 ) = 0, while the principal maximun of this

clear from thls that inasmuch as the frequencies héd £ 150 wev are of
interest to us, then to Jdeteranine n {gg} & detailed ricture of the jee
pendence of & lad) on ey will nét e ﬁecessary. Hence, as a good &P«
proximation we cen repizce the trus curve of Fig., 1 by the broken line
shown by a dotted line. Fere the dotted 1ine is melected in such a
way thet the area formed by it with the x axis approximetely colucides
with the area formed by the experivsental curve. Let us further assume
that the tross sec?ioﬁs of vhotogeneration of #C. anéﬁﬁgtmesonv on

W g6 T i PHROBogenslatio & 3 : ! o O
protons sre approximetely equal (which actuslly is approximately the
cage £5,6 7 ), and thet sections of photogeneration om neutrons znd

protons are also equal. Thus for & () 1t is assumed that

ohen
Frwn tw < @, (53
N vl
s{e) o= la, npu w3<w<w2
tfaley
i 3, IPH £ > 83y,
B 5 s —
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where £ l 25 10 ?8 "3 t}"o: 0.5 10 cmpg "A)l = 3.7+10 3
the fre qu‘ncy corzwsroneing t¢ an energy of the ph'to"s of 240 mev;
and finally &ty = 6,1 ¢ 10°% 15 *the same thing for an er»“ey of 100 mev.

Substituting (§) iato (4) and perforaing the integration; we

antain
. .
: N2, ™ © N, g, —a) W, b w
‘1 P LA BT el BER AL S M T e A ()
k> Wy = O Wy ~ ®

hers, ascuming Weod (let”us recnll that selection of thz index of r2e
fraction in the limlting caee of nuclear densities &0 .«4038 war limited
by the energies of the cuanta Ewl£150 mev, wkile ha)y = 20 mev), we
obtain .
...n.?‘:.]y.l'/ R Yk =22,1-10"4 N,. (7)
w; it / ’
Tavs the diclectric constant of a neutron substance is practicaily Ine
dzpendent of the frzquency and differe very 1ittfe from.one.
In ordar to explain in the firal calculation by which the dls-
persive properties of the medium arz determined: whether by electrons

*
or by neutrors, {7) should be compared with (22). The dispersicn

# See Report I, DANAraSSR (Reports of tbe AS Arm S3R), Vol.X¥X,
No. 1 (1960).

vill be determired by neutrons In the case when




where the inder "¢ refers to the electron. From

the value of w,, we find

& N, >0,04-10% NP, (2)

Proceeding from thiz formule, we can explz 2in what possibilities
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rase when the electronic gas is not fully degenerate,

3

First let us consider the case vwhen a nucleonic gas iz not degenerate.

In order for the dispersion of the waves Lo be delem mined by electrons

* '
according to (30) and (2), we should have

2 A Y
N’S(".kp {th )<56 10 (..u_}‘;‘) (10}

@

)

\ - ) . . . - ]
vhere the following notations heve been Introduced: né), = 2 we, a=

Aenfse0.72, Ve thould alse be cencerned shoutb the fulfilliment of

copdition {1}, i.e., &£ CNg Z. Thus, as an example of the fact that

guation (10} can be fulfilled vhen W / /” = 15, we then cobtain

LA

o

.
v . - 33 e = . N . P
Wo=1.7 *1OJ {0 o/w) . This ineguality is satisfled i

=

£
m
t’v
5&“

; . , 1/3 | e .
(sl o end Mg Ngo But if Nt/ &/T = 10, then from (10) we obe
tain Ny «0 L.h ‘1039 (uﬁ /ag, . Fror the exsoples cited we can see

/3 . . -
that under the conﬂlt*un el N, #:15 the process e & e” =P ¥

52
“

% See Report I, DARAPES3R (Reports of the AD Arm S8R}, Vol. XX,
No, 1 (1660
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The éisperiion of wuve: is determined by electirons il

- ol 1o
PG RV KAy L0 Yol (12)
VJ w \J’Vc, /

Let us recall thai hers the dersity of the electirons is determired by |

’ . T ’ . ! o+ »
formula {32°). Ag we ses, when I P 10J6, the precess s ¢ ¥ e

‘ . : L a3 e
car procced only ot the threshhold emergy, whilz wher K ¥ 103 Chi 3

the necessary spd suificient (of course, consideratica of the condie
o - 1/3 . , .
jticn &0 fo cle ig necessary) coniitions for performaince of thls pro-

cens olready evisth, | ’

Hurd Cereniov radistion. On the basls of the materia) cited in
the preceding section, we come to the conclusion thet ot o given drn- *
sity'of.the suhstancs a certain 1imiting Prequency exists, sc¢ tuet
when Treguencies are higher then it, dispersion of weves i¢ determired
no longsr by electrons, s vas the cose until taen, buh by nautron=.
Acecording oo {7) at such frequencies the refractive index ig greeter
‘thzn one an? precsically has a copetent valve, independent of the free
guercy. Inasmuch egs the refractive index of the medium is greater
then ore, it is clear that in svch 2 mediuwn cherged parcticles moviag
with a velocity exceading the phase veloclty of light wili em't

Cerenkov radistion. According to the conditions (1) and (¢) only

.

* Ses Popert I, DANArrSSR (Feporte of the 28 Pra SSP), Vol. ¥xX.
No. 1 (1960).
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L NP TR e e N (14)

quantaxéatisfying the inequelity

cen be ewity d, In this energy interva} the distributlon of lhe nume
iher of guanta accovding to their energies ig ugifcrm, Accard ing to

#*
(32} the Cerenkov effect appsare &l encrgies of the particles

e . w “ }
F22.9.10% N, M,
el

|where Me® is the intrinsie energy ef the parilicls.

In the case when the wpucleonic gas is nendegenerate, the r2l8e

‘ *
tionshiv between the densities M. and Ty is given by formals {30).

i/3 '
As an illustration let us take &/P N ~=% 10; them from (1) when
pusome 32 g ”~ 36 ’ X o, At o .
N, =10 {1.e., N, == 2,210 Y we £ind that 20 € het%:28 mev, vwhile
when N == b5« 103“ (i.e. Mr 033* we ha"c 10 <€ hiss 2 100 wev.
In the case Wn”n $he pucleonic gas iz also degenerate, the res

) ¥
lationship between K, snd ¥y is determined by formula (32'). For

this cage (14} tekes the followving form,

: YIRCIA .
2.6. 10% N;{&{ﬁ., S (‘yi’\ s < nwsshe No*. (14
’ l = AW/ } ,

From this we find thai the density of the neutrons ﬁhaul& be K, 7

8"103. Then N, &= 0jg cn™3 , We have froum {14} 134 hfu #5 20 wev,

# @pe Report I, DANArsSSR (Reperts of the A8 Arm S9R), Vol. XXX,

Ko. 1 {1960).
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'{ﬁhile wheu Nn*=‘1016 we obtain 1.0 € had#210C mev,

Te resuits obteined gbove can be surmarized thu:._

.- . - e

1. In this paver the disparsive properiies of a mediwn 8t exw
trecely high densities and tewmperatures, and namely approximately unw
Ger guch physical cenditicns as can erist irn vhite dvarfs, have been
investigated. -

If the electronic gas is not degererate (which secas rather im;

probable to us), then the refractive index nf the medium depends on
P )

»
the tempersture and is expressed by formula (20), At electron densie

ties N, 2 1032 cm"B, processes of single photon arnilhiletion end gere
eravion of eleciron pairs will take place in the medium.

2. If under the vhysical ccnditiohs conailerad thé tenpera.
tures are so low thet th2 electronic gas is degenerate, ther when the

2 it
condttion 632 ¥, < 1050 y 273

is observed (N, ic the cCensity of the
neutrone ), the dispersion of the electrovagnetic wavas will be doter
mined by the electrons. The invex of refractior in this cace is de-
£ ] * A
terainad by formula (22).

2. 1If the electronic gac iz dogenerate, whils the nucleonic
gts is not, then the relatisnehip Letweeu the densities of the nentoond

*
an@ elzctrons is deotermined by formula (30). In this cese under del-

inite, completely fuifilled conditicas, namely when copdition {10} is

* See Report I, DANATmSSR (Reports of the AS Arm SSR}, Vol. XX,
Ho. 1 {163%0),
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observed, the processes ¥ ¢ + & can proceed with participetion of

When the nucleonic gas is also degenerate, the re 1aticanship bee
»
f

rons and peubrons is determined by

3

tween the denaities of the wl

*

Formule (32'). When N, # L05“ e

pe

the density of the electrons does

ot deperd oa the density of the peutrons and has o ronstant value,

. . } n31 y ) ,
zqual approzimately to 1.5° 193 . Here, coviously, the proceenes

g .. . . . . .
¥ w2 s ke with participaiion of the medlium are smposgible, or LT

I
o N « .
an only at the threshhiold energy < due 2 ome ., At deneld
- -
<ty
[ -

cm{, the density of the electyrons bew
girs to increase with an inerease in Ny, and this prccése will teke
place with participation ¢f the wedium. The corditions Tor the existe
ence of this phenowenon are det termined by Tormula (13},

. Wnen the electronic gos is degensrate, then at compsratives

< £~
1060 Negfj, the

£
1y high densities and wave frequencles i

peyeing properties of the mediun are determiped not by the electrons

tut by the neuvirens. The essential wave freguencies and nevtrop 4ene

{

n the case of a nondegenerate Nl

e

gities et which this takes plzce,
clecnic gas, are determined by comdition {11}, while in the czse of

-« by condition (12).

5, In the csee when the dit is determined by
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reutrons, tae irder of referetion of the pediyn s srexie~ than ons

QNN

IR,

land is detemsined ly fowmula (7). But this woans that, 18 the charged

gpafticle noves in guth a r2olam with a velocity ercecding the parse
s veiocuty of light, then 3t will emit and absort 7 Cerenkov radis-

tior. The speelrm of Coreukov radiation is Jetarmined by formala

;(1%}. In the sas? of a dezerarate nuclacnic pes, the snerciern of the

L quarta ace detormined by condition (14').

: In corclusion I shall erprass my thonks tu asademiciza V. 2,
}
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i Io T. GolPdaan, G. M, Caribrvan, ancd A. Ts Awatun' for tueir numerous
ciscusclors and their manifestatlon of Intorest in the work.
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